Introduction
By the mid-1980s it was clear that there was a serious and growing problem of excessively large retrieved sets when using large online bibliographic systems. Also, with standard Boolean systems, searches commonly retrieved zero (or too few) records. The University of California's online union catalog, MELVYL tm, with its very large database (currently some 13 million holdings of 7 million different monographs) illustrated both problems. [Data of Administration, the unit responsible for MELVYL, was conscious of these two problems and of possible solutions, but other important developments received priority.
After extended planning, a grant from the U.S. Department of Education under the Higher Education Act Title IID enabled researchers at the School of Library and Information Studies to work on these two problems and to demonstrate some solutions. This article summarizes this work.
The intention has been to provide pragmatic solutions to a practical problems, using MELVYL as a case study. The primary objective was to provide a easy and effective way to reduce excessive retrieved sets. The secondary objective was to provide an easy way to expand insufficient retrieved sets. It was also intended to examine how far relatively straightforward non-topical data such as the date, language, and location of documents could assist the improvement of topical searches.
Assistance from the Digital Equipment Corporation enabled us to acquire, second-hand, a powerful unix workstation (DECStation 5000/200 with 16 MBytes of memory and a 1 Gigabtye harddrive) which was named Otlet in honor of Paul Otlet, 1868 Otlet, -1944 , who pioneered in so many aspects of information retrieval [Otlet 1990; Rayward 1975] . The prototype became known as Otlet's Adaptive Searcher Information Service (OASIS). (See Technical Postscript for information on the software used).
Front-End Prototyping
The researcher who uses experimental retrieval software and a private database has a free hand. The researcher who wants to work on aspects of an operational system, such as MELVYL, finds advantages and disadvantages. The benefits include working with well-developed software and a well-maintained database of real records, in this case of massive size. These are major advantages since we were interested in demonstrating how existing systems could be improved. A significant, but reasonable constraint on the research was the need to demonstrate improvements to the MELVYL catalog without in any way interfering with it. For compelling technical and political reasons one would not want academic researchers to be tampering with the software of any operational system. This situation lent itself well to prototyping improvements using a front-end. Prototyping refers to the technique of improvising an experimental design to see if it can be made to work and, if it can, whether one likes what it does. This can be done repeatedly until an acceptable solution has been evolved. At that stage the experimental version, which may well be inefficient, fragile, or otherwise imperfect, will need to be replaced by a more durable, operational, production version. Prototyping, then, is essentially concerned with demonstrating what can be done. Using a separate machine as a front-end to supplement an operational system has its limitations, but has the great virtue of allowing one to demonstrate enhancements without touching the software of the system being enhanced. In this work, enhancements to the MELVYL online catalog are tested and demonstrated using the Otlet workstation as a "front-end" to MELVYL, modifying search statements through pre-processing, and enhancing retrieval res OASIS has gradually been made available for use in student assignments and, as requested, local librarians. They telnet to Otlet and use MELVYL through OASIS. A significant technical hindrance is that MELVYL was not designed to support the high-speed downloading of records and so moving records to OASIS for post-processing is slow, typically one record per second. This inhibits activities which require the downloading of large sets. We see this as a temporary inconvenience. Because of the rise of high-speed networks, future online retrieval systems will need to support high-speed record transmission. In any case, the hope is that demonstrably useful enhancements developed in OASIS will be implemented on host systems, whereupon downloaded ceases to be required.
We stress that the objective is not to design or provide an operational service, nor to develop any software product. Success, for this project, comes when other people see and implement for themselves, ideas developed and demonstrated on OASIS.
The Problem
The central concern is the need to enable searches to cope with excessive and with insufficient retrieval results, but this has to be seen in relation to other, related factors.
1. The problem of excessive retrieval grows with the increasing size of databases. Catalogs grow continuously and the retrospective conversion of older catalog records has accelerated this growth.
2. Experimental retrieval systems have generally been developed using small databases and may not scale up well to large databases of millions of records.
3. Searchers tend to use but few commands however many are provided.
4. Searchers generally look at the first few records in a retrieved set, but rarely all of the records in a large retrieved set.
The challenge is to respond to this combination of problems. The approach has been to program the system so that it can provide some of the tactics used by experienced users both as an amenity for novice searchers and as a convenience for expert searchers.
Adaptive Retrieval, Strategic Commands
Bibliographic retrieval could be seen as having advanced in stages. The most basic purpose is to be able to find a specific record. The traditional view became that a retrieval system should retrieve all records with some specified attribute and only those records. Useful as those capabilities are, we think that a third, more advanced objective is now needed. Searchers rarely do want all relevant records: They commonly want just a few, a handful. We should, therefore, add the requirement that the number of records desired be made a factor in retrieval. This implies that, whatever the desired number may be in any given search, the records retrieved are those that match the searchers preferences most closely.
There is a further implication: The number of records that any given search will retrieve in any database is difficult to predict. Therefore, retrieval systems need to become adaptive. If the search is retrieving too many records, seek to narrow it; if too few, try to broaden it. An adaptive retrieval system is one which seeks to retrieve the preferred number of the preferred records whoever the user may be, whatever the query, and whatever is in the database.
The goal of adaptiveness in a situation in which only a few commands are likely to be used suggests two courses of action:
(i) More of the burden of searching should be assumed by the system. A model for this is automatic transmission: The task of shifting gears is just as complex as with a manual gearbox, but not for the driver (Buckland & Florian 1991) .
(ii) Use strategic commands. Experienced searchers learn to use more or less fixed series of tactical moves to achieve particular objectives. To the extent to which these form standardized patterns, they could be generated by the system and invoked by one or few commands.
Three commands been implemented on OASIS: FILTER and FEWER for reducing large sets and SUMMARIZE as a means for expanding searches and for wider use in analyzing retrieved sets.
"Filter"
MELVYL reports the number of records retrieved in each search and, when a search has been limited (e.g. by library location), MELVYL will report the number both before and after limiting. But MELVYL does not otherwise support analysis of retrieved sets that could be used as a basis for selecting preferred subsets. Following traditional catalog practice the records are sorted, at considerable cost in computing cycles, for display in alphabetical order of main entry, usually with a few recently loaded records appended at the end. Any detailed analysis of what has been retrieved must, therefore, be done by downloading the entire retrieved set into the front-end for analysis in post-processing.
When an excessively large set has been retrieved, it is unlikely that any random selection would be the preferred choice. Nor is there any reason to believe that the records that happen to file first in the alphabetical order of main entry would be better than a random selection. It is here that non-topical attributes become useful. We can be confident concerning any large retrieved set in an online union catalog that some of the material will be in languages that the searcher does not understand, that much of the material will be inconveniently located away from the searcher's library, and that most of the material will be more or less out-of-date. Our assumption is that, other things being equal, a searcher in a U.S. university library, when faced with too many records, will, other things being equal, tend to prefer material that is conveniently close at hand, will generally prefer material in English, and will tend to prefer recent material.
All downloading is handled by having the front-end send a DISPLAY CONTINUOUS command to MELVYL to make it send all records in a continuous flow as if for display on a terminals screen. Instead, unknown to MELVYL or the searcher, OASIS diverts the resulting stream of data into memory instead the screen. (The staff of the Division of Library Automation kindly assisted this procedure by providing a lightly modified display format to facilitate the post-processing.)
In the first version of OASIS a single, inflexible, three-dimensional aggregation was provided: two values for location (Berkeley; Other campuses); two values for language (English; Other); and 10 date periods. (See Figure 1. ) At first the only option was to "zoom in" on the most recent material and display just the past ten years, each year on a separate row. Later, at the request of librarians, an individual library could be specified the preferred location, rather than the Berkeley campus. (In the revised version of OASIS, much greater flexibility with be provided. The searcher will be able to sit at the keyboard and conjure up a wide variety of analyses of a retrieved set at will).
The aggregation of data indicates how many records there were in each cell. There remains the need to display the records themselves. This can be done in either of two ways. If the searcher specifies any given cell by column and row, the records in that cell (i.e. for that combination of date, location and language) will be displayed. The records are reconstituted from the downloaded MARC data and displayed in style that mimics MELVYL's default "brief" display. Alternatively, the assumptions that local location is preferred to distant, English to other languages, and recent material to older, implies a preferred order of the subsets and simply pressing "enter" would initiate a display of the records, subset by subset, in that order. (In the revised version the searcher will move the cursor to any cell in the display on the screen to select the records to be displayed.)
"Fewer"
The MELVYL system already provides some support for modifying searches and it became clear that this existing functionality could be made use of in a very convenient way. This option for reducing excessive retrieved sets we designated "FEWER". The mechanism is simple: Provision is made for an ordered list of MELVYL's search limiters to be stored. The searcher can provide any ordered list of search limiters so long as each would be intelligible to MELVYL. A default list of search limiters has been established which reflects what we believe to be a realistic representation of the commonest preferences for reducing excessive retrievals. The assumptions are, again, that, other things being equal, users will generally prefer material that is conveniently available to that which is not; material in English to material that is not; and recent material to older material. The present default list:
• AND AT BERKELEY
• AND LANGUAGE ENGLISH
• AND DATE RECENT (= within the last 10 years)
• AND DATE CURRENT (= within the last 3 years)
• AND FORM BOOK However, a searcher can substitute any other list, which will remain in effect for the duration of the session. The new command, FEWER, which would not be understood by MELVYL, is intercepted in the front-end and causes the first of the list of searcher limiters to be sent to MELVYL instead. MELVYL processes this search modification and reports the result. If the retrieved set is still too large, the searcher can repeat the FEWER command and the next in the list of searcher limiters is sent off to MELVYL. "FEWER" can be repeated until the set is reduced to an acceptable size or until the list of search modifiers has been exhausted. A search on Napoleon can illustrate use of the FEWER command. The FEWER command is especially useful when dealing with very large retrievals and should be relatively easy to implement in the interface of operational online catalogs.
Expanded Retrieval
For expanding insufficient retrieved sets it had originally been intended, rather vaguely, that the subject headings, main entries, and added entries in the records found could be used automatically as new search terms to retrieve additional material. The first few experiments worked well, but it became apparent that this approach was unsatisfactory because it rapidly generated retrieved sets of excessive size and divergent attributes. The solution adopted was to make the system less automatic in order to allow the searcher to guide the expansion.
How, we asked, did expert searchers expand searches? Four rather obvious tactics are to seek works by the same author(s), works with the same subject headings, works with similar title words, and works with the same or similar classification numbers. The common feature here is the use of some attribute of the initial record(s) as the basis for a selective expansion of the search. How could the MELVYL system be enhanced to support this kind of approach? The idea is to provide the information that would enable the searcher to steer the expansion of the search the preferred directions. The idea was to enable OASIS to examine any given set of records and to present an analysis of any specified characteristics present in those records.
We started with the subject headings found in a retrieved set. The command SUMMARIZE SUBJECTS, when issued after a set of records has been retrieved in MELVYL, causes the OASIS front-end to download all the subject headings from the retrieved set. Then a listing of the subject headings, ranked by decreasing frequency of occurrence in the retrieved set, provides a convenient, organized basis for extending a search to find more, related records in a library catalog. The ranked and numbered list of the subject headings found in the retrieved set is displayed in the form of MELVYL's Browse display from which the searcher could (as with MELVYL's BROWSE display) SELECT by number the search terms to be used to expand the search. (So far the public version of OASIS displays only the fifteen most frequent subject headings and, since SELECT has not yet been programmed, the user has to key in any new searches).
Consider, for example, a searcher interested in coastal pollution. A subject search on "coastal pollution": The idea is that the search could be extended by using whichever one or more of these subject headings seemed most appropriate to the searcher. On inspection the individual headings are more or less plausible, but who would have had the imagination to have thought of more than one or two of these?
Out of curiosity we posed the same query to the MELVYL's MEDLINE file, a database designed for a subset of the same population as LCSH. Again "Coastal Pollution" yielded no retrievals either as an exact subject or as a subject keyword search. Again a title keyword yielded a few records from which OASIS' SUMMARIZE SUBJECTS excerpted and ranked the most used subject headings: Disregarding "Comparative study" and "English abstract", the MeSH headings are individually plausible, but not necessarily what a searcher interested in coastal pollution might have thought of without prompting. Note the striking lack of overlap between the subject headings on the two lists: One used for medical articles; the other used for medical (and other) books. In each case the display of subject headings from the system vocabulary not only provides the knowledge needed not merely to expand the search but to steer it in the preferred direction. In addition, the display itself leads the user to acquire more knowledge of the subject headings.
Use of SUMMARIZE SUBJECT in the MELVYL database sometimes reveals surprising dispersion of subject headings. For example, the set of records retrieved with the title words "working women" has a very large number of different LCSH assigned, almost all of them assigned only once or very few times within the retrieved set. In this way SUMMARIZE SUBJECT can provide a convenient window into the enormous vocabulary and complexity of LCSH.
Yet SUMMARIZE SUBJECT does more than show the range of subject headings assigned. By definition it is provides a view of the other subject headings also assigned within the records in the initially retrieved set and, because of this, it provides a mapping of related terms. If the subject matter of a book requires some combination of subject headings, then that fact alone is evidence that there is some literary warrant for considering those two subject headings to be related in some way. Consider, for example, someone who has found the entry in the catalog for material on St Teresa of Avila and now wants to examine related material. What could (or should) be done on the subject catalog? Traditional advice might be to leave the catalog, where an article about St Teresa of Avila is likely to discuss her in relation to mysticism, St John of the Cross, the Carmelite order, the Roman Catholic Church, and other topics for which the searcher could attempt to find headings in th! e subject catalog. SUMMARIZE SUB Anne Le Blanc has been examining the potential of using the co-assignment of subject headings to create sets of related terms that would be an alternative or a supplement to the relationships printed in LCSH -or, indeed, as a mechanism for identifying candidates for designation as broader, narrower, or related terms. (See Sidebar 1).
SUMMARIZE SUBJECT provides a useful aid to search expansion for search expansion, but it is only one of a number of options. Jerome McDonough has been experimenting with automatic, progressive truncation of subject keywords to expand retrieved sets. (See Sidebar 2). SUMMARIZE SUBJECT, which excerpts and analyzes the MARC 6XX subject heading fields, could be applied to any MARC field or any specifiable part of any MARC field. (This kind of mechanism has also been called ZOOM.) SUMMARIZE LIBRARIES which analyzes for the searcher where the documents represented int he retrieved set are actually located, is another example. (See Sidebar 3). More generally, providing SUMMARIZE for any field, enables the database to be searched "sideways" in a more hypertext-like fashion compared with the more hierarchical "in-andout" form of conventional searching in one ordinarily either narrows an existing search or abandons it to start again with a fresh search.
"Find Related"
Imagine a mechanical robot. The kinds of moves that it can make depends on the functions it is being designed to perform. What kind of movements should a bibliographic robot be designed to perform? Two traditional moves are to narrow (or broaden) the topic of the search. OASIS was concerned with two other, different moves: to reduce and to expand retrieved sets. Different again is the need to move a search sideways, so to speak, when the search result is nearly, but not quite, on target and needs some adjustment. We had originally seen this as a separate, more difficult area for future study, but it became increasingly clear that the tasks that we were attempting could be viewed as special cases of finding related material. When seeking "more", searchers are unlikely to want just any additional records, they want additional records that are related to their interests and the solution, almost certainly, will be a matter of finding records related (in some specifiable, directed way) to what they have Developments Despite the practical motivation and pragmatic approach of the OASIS project, the work has proved quite rich in suggesting new insights and additional directions for research and development. Sometimes this resulting from pausing to reflect on the nature or context of the work being done.
1. Multi-stage retrieval. Designing for retrieval to be done in two (or more) stages has interesting possibilities in at least three ways:
(a) Different stages can be designed for different objectives. In particular, it may be attractive for the first stage to emphasize high Recall and the second stage to emphasize high Precision (as when using FILTER following a search on MELVYL).
(b) Some promising experimental retrieval techniques do not scale-up well. But if the technique does not scale up, it may be possible to scale the problem done. Retrieving a large set 700, or even 7,000 records, from a database of 7 million records for specialized secondary processing could well prove to be a useful compromise.
(c) Large operational systems do not and cannot be expected to support every imaginable retrieval mechanism. A two-stage approach, downloading a superset for secondary, specialized process may be the only feasible solution for some important databases.
2. Extended retrieval. Hitherto information retrieval has ordinarily been concerned with using a single retrieval engine to retrieve from a single database. OASIS is an example of two retrieval engines being used sequentially on a single database. In a different direction DIALOG's "Onesearch" supports the use of a single retrieval engine to search multiple files simultaneously. One stage more complex would be the more general case of using multiple retrieval engines on multiple databases. Thanks to the development of networks, this is precisely the environment that we are now in available. We have used the phrase "extended retrieval" to refer to the use of multiple retrieval engines and/or multiple databases. The enhanced complexity is rather like the difference between having one bibliography online and having the entire reference collection online. We see this as a rich and important area for research and development (Buckland 1994) .
2. Retrieval performance. What happens to those traditional measures of retrieval performance Recall and Precision when retrieval is performed in two stages? Exploration of this question has led to clarification of the conditions under which the frequently-found trade-off between Precision and Recall will occur. Briefly stated, it can be shown that a trade-off between Recall and Precision is unavoidable whenever retrieval performance is consistently better than retrieval at random. More generally, for the Precision-Recall trade-off to be avoided as a search is expanded, retrieval performance must be equal to or better than overall retrieval performance up to that point. A detailed explanation is in preparation.
3. Subsets and filing order. The essence of the OASIS approach to reducing large sets is to filter the records into subsets which can then be ranked. Subset ranking, taken far enough, begins to resemble the strict document ranking generated by probabilistic retrieval mechanisms. One difference is that it is easier for searchers to understand precisely what is happening with the ranking of Boolean subsets than it is with the complexity of probabilistic mechanisms. Further, subset ranking ties in closely with the design and use of almost all existing operational online retrieval systems.
The effects of filtering can be quite striking compared with the traditional approach of ordering retrieval records alphabetically by main entry, a carry-over from the technology of card catalogs. The comparison is easily done. First, retrieve any large set and display the first few records in the conventional manner. The age, language, and convenience of location of the first few found will not follow any particular pattern. The only pattern will be that for the first few records displayed the main entries probably begin with numerals filing before the letter A, hardly a rational approach to finding the records the searcher would most prefer to see. However, after the same large set of records has been filtered using either the FILTER or the FEWER command, the first few records displayed are strikingly different: What are displayed first are recent, English language books that are locally held. In the case of MELVYL, filtering by (i.e. bringing forward) material held in any one of the three undergra 4. Searching networks. As hundreds of resources become accessible over the network, the question of where to search becomes important. The optimal network search strategy depends on the nature of the question, but in many cases broadcasting simultaneous, parallel searches to all network nodes is likely to be very inefficient. Often, a sequential, heuristic search, node by node, for a limited number of nodes, will be more cost-effective. The tasks become deciding where to look first, where to look next, how to adapt the search in the light of what has been found so far, and when to stop. Structurally this is a special case of search theory as developed in the military in World War II and subsequently developed in the economic analysis of job searching. Since the MELVYL catalog is union catalog of the holdings of a hundred libraries, the data also be viewed as a virtual network of a hundred nodes to simulate network searching. The OASIS-MELVYL "platform" and the OASIS ! software can be used for analyzing retrieved sets.
5. Other catalogs. Although, for good practical reasons the OASIS front-end prototype was developed in conjunction with the MELVYL online union catalog, the work is not viewed as limited to MELVYL. A similar front-end could be used for development work with any online retrieval system. It is intended to add client Z39:50 Search and Retrieve software to OASIS. This should enable OASIS to be used not only with MELVYL but in conjunction with any online catalog that implements server Z39:50 service. Going beyond online catalogs, we see no reason why the approach used in OASIS could not be generalized to any system with structured records.
Conclusions
The introduction of online library catalogs has been a dramatic advance in library service. Online catalogs have proved very popular. However, studies of the use of online catalog indicate the effective of their use is lower than users assume. When the search queries coincide with the system's terms and the searcher has a specific, definable target in mind, success use is likely. In other cases, successful use is less likely.
There has been a massive investment in the installation of online catalogs: in selection, in the supporting infrastructure of terminals and networks, in catalog record conversion, in training, and, latterly, in linking online catalogs with other online systems. In contrast, the state-of-the-art of the functionality of online library catalogs has advanced little in the past few years. Rather it has been a matter of existing systems being upgraded towards the functionality of the better systems and refinements being added. It is time for a further advance in online catalog design and we believe that the next generation of online catalogs should and will have the following features:
1. "Entry vocabulary" capability to lead from user's terms to the system's terms. (The " Coastal pollution" and "St Teresa" example are simple examples).
2. The automatic provision of prompts and suggestions to improve the searcher's ability to judge what to do next.
3. Have a well-developed tool-kit for retrieved set analysis (as with FILTER and SUMMARIZE).
4. Support "nearest neighbor" searching to find more records resembling or related to one or more that have already been found, possibly using the SUMMARIZE (or ZOOM) command to enable the searcher to browse across the database using any one or more attributes of retrieved records.
5. Support either document ranking or the creation and ranking of small subsets.
Reflecting on our experience with the OASIS front-end the follows features of this work seem worth noting explicitly:
1. It represents a move towards a more ambitious goal for online bibliographic retrieval, beyond the retrieval of all and only relevant records to making the desired number of records part of the goal.
2. The underlying trend, as with mechanization generally, is to move more of the complexity of the task from the user to the system, even though in computer-assisted activities the direction remains with the user.
3. Much of the effort has been concerned with making analytical and diagnostic tools more prominent. This is not only useful for more effective human searching, but is also a necessary basis for adding artificial intelligence to operational systems.
4. Our trend has been towards making retrieval a heuristic, multi-stage process rather than an event.
5. Subset-ranking in Boolean systems begins to approximate the document-ranking that is a significant and attractive feature of probabilistic retrieval systems.
6. Tools developed to empower novice users (e.g. FEWER and SUMMARIZE SUBJECTS), may also emerge as convenient and popular amenities for experienced users.
7. Using a front-end to prototype enhancements to an operational system is limited to building upon the basic functionality of the host system, but it is very economical and unintrusive approach. Improvements can be developed experimentally with no more than the terminal access ordinarily provided to online catalogs users.
The OASIS front-end was created to explore pragmatic solutions to practical problems. It has led into a wider variety of interesting aspects of online retrieval than we had expected.
Technical Postscript
The currently used version of OASIS is written in a combination of Expect/Tcl scripts [Libes, Don. (1991) . "Expect: Scripts for controlling interactive programs." Computing Systems 4, no. 2. Ousterhout, John. (1990) . "Tcl: An embeddable command language." In: Proceedings of the 1990 USENIX Conference.], C shell scripts, awk [Aho, Alfred, Brian Kerninghan and Peter Weinberger. (1988) . The AWK Programming Language. New York: Addison-Wesley.], and C. Though early versions of OASIS handled network connections with a hacked version of Telnet, we are now using a vanilla version which runs as a subprocess of Expect. The main Expect script handles user interaction and command pre-processing, handled locally by the C, C shell, and awk routines. At present the whole packag! e comprises about 80k bytes of so One of the lessons learned from the public version of OASIS is the importance of experimental flexibility. To that end, the second version of OASIS is being written in Lisp. Among the advantages of this strategy is the ability to adapt one strategy, SUMMARIZE, for example, from one context, e.g. SUMMARIZE SUBJECTS, to any displayable attribute for interactive use, or any part of the MARC record for post-processing. We have also gained better control of the screen, command pre-processing, easy saving and recalling of downloaded sets, retrieved set analysis, network communications, and other activities. At present, the experimental Lisp version consists of just less than 58k bytes of code.
